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Multispectrum Fitting Technique
A spectrum of CO2.
3/18
Introduction Line Profiles Algorithms Used in Subroutine Improvements to SpeedKL Effects of Improvement
Multispectrum Fitting Technique
Multispectrum fitting’s speed
About a billion evaluations per iteration.
If this algorithm’s speed is close to the Voigt algorithm’s speed
then there will be no change is over all speed in the techique.
Multispectrum fitting’s accuracy
Experiments are now expected to be much greater increases of
signal to noise.
The required accuracy for the algorithm is one part in 105.
4/18
Introduction Line Profiles Algorithms Used in Subroutine Improvements to SpeedKL Effects of Improvement
Parameters Used in Profiles
x =
√
ln(2)
ν − ν0
αD
Where v − v0 is the distance from line center and αD is the
Doppler half width at half maximum.
y =
√
ln(2)
αL
αD
Where αL is the Lorentz half width at half maximum.
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Voigt Profile
Voigt profile: A convolution of Doppler and Lorentz shapes
Kv (x , y) =
y
pi
∫ ∞
−∞
e−v
2 1
y2 + (x − v)dv
Lv (x , y) =
1
pi
∫ ∞
−∞
e−v
2 (x − v)
y2 + (x − v)dv
Voigt profile assumes collisions occur at the most probable speed.
The imaginary part is used for the computation of line mixing.
There are special relations between the derivatives of the real and
imaginary parts that speed calculations.
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Speed Dependent Profile
The speed dependence profile does not assume an average. This
changes the integration variable v , to a signal molecule’s velocity
over the average velocity of all the molecules.
Real and imaginary
Ks(x , y , S) =
2
pi
∫ ∞
−∞
e−v
2
v tan−1
(
v + x
y (S (v2 − c) + 1)
)
dv
Ls(x , y ,S) =
1
pi
∫ ∞
−∞
e−v
2
v ln
((
v + x
y (S (v2 − c) + 1)
)2
+ 1
)
dv
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Algorithms to Calculate the Speed Profile
Vitcu method
KT (x , y , S) =
2∆
pi
8∑
i=−8
e(−(v0+i∆)
2)(v0 + i∆) arctan
(
x + (v0 + i∆)
y(1 + S((v0 + i∆)2 − c))
)
LT (x , y , S) =
∆
pi
8∑
i=−8
e(−(v0+i∆)
2)(v0+i∆) ln
((
x + (v0 + i∆)
y(1 + S((v0 + i∆)2 − c))
)2
+ 1
)
Details of Vitcu method
Uses 17 point calculation only to v = ±4.
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Integration by Parts
Ks(x , y , S) =
2
pi
[
e−v2 arctan
(
v+x
y(S(v2−c)+1)
)]∞
−∞
+
∫ ∞
−∞
e−v
2 ∂
∂v
[arctan
(
v + x
y(S(v2 − c) + 1)
)
]dv
= 2pi
∫∞
−∞ e
−v2 −(y(cS+Sv(v+2x)−1))
c2S2y2−2cS2v2y2−2cSy2+S2v4y2+2Sv2y2+v2+2vx+x2+y2 dv
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Algorithms to Calculate the Speed Profile
Gauss-Hermite Quadrature∫ ∞
0
e−v
2
(f (v) + f (−v)) dv ≈
n−1
2∑
i=1
wi (f (vi ) + f (−vi ))
wi =
2n−1n!
√
pi
n2[Hn−1(vi )]2
Details of Quadrature
Folding f (v) + f (−v) uses half as many points.
Odd Quadrature calculates a point at zero.
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Quadrature Regions
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Algorithms to Calculate the Speed Profile
Taylor series
Ks = K0 +
∂K0
∂x
4x + ∂K0
∂y
4y + ∂K0
∂S
4S
+
1
2
(
∂2K0
∂x2
4x2 + ∂
2K0
∂y2
4y2 + ∂
2K0
∂S2
4S2
)
+
∂2K0
∂x∂S
4x4S + ∂
2K0
∂x∂y
4x4y + ∂
2K0
∂y∂S
4y4S
Details of Taylor series
Tables store precalculated ∂
2K0
∂y∂S ,
∂2K0
∂x∂S , etc.
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Algorithms to Calculate the Speed Profile
Spline Interpolation
P(φ) =
n∑
j=1
P(φj)
n∏
k=1,k 6=j
φ− φk
φj − φk
Details of Spline
φj − φk can be replaced with integer multiples of spacing in
tables.
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Increases in Speed
Techniques used to speed algorithm
Vectorization.
Parallelization.
Minimized Call statements.
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Algorithm Architecture
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Accuracy
All regions within one part in 105 expect:
Real part at (x >5.63, y≈0, S > 0).
Error is unpredictable and increases proportional to x.
Imaginary part at (x = 4y + 2, y >8.8, S > 0.19).
Error not greater then one part in 104.
For S > 0.24 17 order quadrature is used.
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Speed Details
Program Run type Time per point
(seconds) (nanosecond)
SpeedKL Original 116
Optimized 65
Voigt Original 7.6
Optimized 7.6
Table: These tests were on a i7-870 2.93 GHz Intel Core processor with 2
500 000 000 evaluations of the integral. The improvements of vectization
and include statements have different affects on the two programs most
likely because there about ten times less include statements in the Voigt
algorithm.
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Comparing Techniques for Multispectrum Technique
Order Current Speed Benner & Vitcu
Dependent Letchworth Method
Quadrature Voigt Subroutine
(Nanoseconds) (Nanoseconds) (Nanoseconds)
3rd 52 5.7 n/a
5th 64 9.1 n/a
7th 87 12.6 n/a
17th 196 n/a 705
0<x,y<25 65 7.6 705
The speed ratio of SpeedVoigt = 7.6 and of
Vitcu
Speed = 3.5 to 13.5.
SpeedKL is almost a factor of 10 faster the Vitcu method.
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